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We present the most recent measurements of single top quark production cross section by
the CDF and D0 experiments at the Fermilab Tevatron Collider and the ATLAS and CMS
experiments at the Large Hadron Collider (LHC). The data were collected at the Tevatron
corresponding to an integrated luminosity of up to 9.7 fb−1 of proton-antiproton (pp¯) colli-
sions at a centre-of-mass energy of 1.96 TeV and at the LHC corresponding to an integrated
luminosity of up to 4.9 fb−1 of proton-proton (pp) collisions at a centre-of-mass energy of 7
TeV in 2011 and up to 20.3 fb−1 at a centre-of-mass energy of 8 TeV in 2012. The measure-
ments of single top quark production in s-channel, t-channel and associated production of a
top quark and a W -boson (tW production) are presented separately and lower limits on the
CKM matrix element |Vtb| from the single top quark cross section are set.
1 Introduction
Top quarks are predominantly produced in pairs via the strong interaction in pp or pp¯ collisions
but they can be also are produced singly via the electroweak interaction. The Standard Model
(SM) predicts three single top quark processes which are t-channel, s-channel and associated
production of a top quark and a W -boson which are shown in Figure 1. Main challenge to
observe the single top process, is to overcome large background for extraction of the single top
signal. The single top quark production was first observed by the CDF 1 and D0 2 experiments
at the Tevatron in 2009. Recently many new results on the single top production have been
reported from the Tevatron and the LHC. We will summarize and discuss the most important
results on the ATLAS, CDF, CMS and D0 experiments in this paper.
2 Physics Motivation
Single top production is an important background for the SM Higgs boson production but
also physics process to test the SM prediction via directly measuring the CKM matrix element
|Vtb|. Any excess of |Vtb| over the SM prediction indicates the presence of new physics process
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Figure 1 – Feynman diagrams of single top quark production for s-channel (left), t-channel (center) and tW
production (right) respectively
beyond the SM. Also the t-channel single top production cross section provides a test of the b
parton distribution function of the proton. In addition, single top production cross section is
sensitive to new physics such as a fourth generation of quarks, flavor-changing Z-t-c coupling (e.g.
production of pp¯→ tc¯), additional charged gauge boson (W ′), charged Higgs boson production
or other new phenomena 3.
3 Single Top Production at the Tevatron
The s- and t-channel processes of single top production are dominant at the Tevatron but
almost negligible tW production cross section in pp¯ collisions. The next-to-next-to-leading-
order (NNLO) cross section for s- and t-channel processes were calculated respectively to be σs
= 1.05 ± 0.06 pb4 and σt = 2.10 ± 0.13 pb5 assuming a top quark mass of 172.5 GeV. Since the
predicted s-channel production cross section is smaller than that of t-channel, the observation
of s-channel process is more difficult. However, There is an advantage in s-channel mode at the
Tevatron comparing to the LHC since valence quarks (qq¯′ from pp¯) generally initiate s-channel
single top quark production, leading to a larger signal-to-background ratio at the Tevatron than
at the LHC 3.
Measurements of Single top production in the combined s- and t-channels was performed
by CDF and D0 experiments. Two independent measurements were reported from CDF exper-
iments. The first measured single top production cross section is shown in Figure 2(a) to be
3.04+0.57−0.53 pb (σs = 1.81
+0.63
−0.58 pb, σt = 1.49
+0.47
−0.42 pb) for mt = 172.5 GeV and |Vtb| = 0.96 ±
0.09(stat.+syst.) ± 0.05(theory), while lower limit of |Vtb| > 0.78 is set at 95% confidence level
(CL) using events with one charged lepton, large missing transverse energy, and jets 6. And the
second measurement of the cross section is 3.53+1.25−1.16 pb and lower limit of |Vtb| > 0.63 at 95%
CL using missing transverse energy plus jets topology as shown in Figure 2(b).
The D0 collaboration presented the observation of single top production in t-channel and
first evidence for s-channel process 7. The obtained production cross section in the combined
channel is 4.11+0.59−0.55 pb (mt = 172.5 GeV) in agreement with the SM prediction of 3.34
+0.53
−0.49
pb and set lower limit of |Vtb| > 0.92 at 95% CL. And Figure 2(c) shows the simultaneous
two-dimensional fit measurements to be σs = 1.10
+0.33
−0.31 pb corresponding to a significance of 3.7
standard deviations (σ) (3.7σ expected), σt = 3.07
+0.53
−0.49 pb corresponding to a significance of
7.7σ (6.0σ expected)
The CDF collaboration confirmed the evidence for s-channel single top production using
two independent final states. The s-channel single top production cross sections were measured
respectively σs = 1.41
+0.44
−0.42 pb with a significance of 3.8σ (2.9σ expected)
8 using lepton plus
jets events and σs = 1.12
+0.61
−0.57 pb with a significance of 1.9σ (1.8σ expected)
9 using missing
(a) (b) (c) (d)
Figure 2 – Results of the two-dimensional fit for s- and t-channel production cross section for (a) l+jets events
at CDF, (b) missing ET+jets events at CDF, (c) l+jets events at D0, and (d) summary of measured s-channel
production cross sections from each of the individual analyses by CDF and D0 experiments.
transverse energry plus jets events, both for mt = 172.5 GeV.
Recently the first observation of s-channel single top production with the combination of
the CDF and D0 measurements of the production cross section was reported. The measured
production cross section is σs = 1.29
+0.26
−0.142 pb and a significance of standard deviation is 6.3σ for
the presence of an s-channel contribution to the production of single top quarks3. The summary
of s-channel production cross section measurements are shown in Figure 2(d).
4 Single Top Production at the LHC
The t-channel and tW production processes are dominant at the LHC but s-channel not reach-
able yet. The NNLO cross section for three single top processes assuming mt = 172.5 GeV are
calculated as shown in Table 1 4,5,10.
Table 1: NNLO cross section calculation for three single top production processes at the LHC
LHC (7TeV) σt + σt¯ (pb) LHC (8TeV) σt + σt¯ (pb)
t-channel 65.9+2.1−0.7
+1.5
−1.7 t-channel 87.2
+2.8
−1.0
+2.0
−2.2
s-channel 4.56± 0.07+0.18−0.17 s-channel 5.55± 0.08± 0.21
tW production 15.6± 0.4± 1.1 tW production 22.2± 0.6± 1.4
New measurements of t-channel single top production are obtained using full statistics at
8 TeV from ATLAS and CMS experiments independently. A value of σt = 82.6 ± 1.7(stat.)
± 11.4(syst.) ± 3.1(PDF) ± 2.3(lumi.) pb for mt = 172.5 GeV is measured and the coupling
strength at the W -t-b vertex is determined to be |Vtb| = 0.97+0.09−0.10, lower limit of |Vtb| > 0.78
at 95% CL is set by ATLAS experiment. The obtained production cross section from CMS
experiment is σt = 83.6 ± 2.3(stat.) ± 7.4(syst.) pb for mt = 173 GeV and |Vtb| is = 0.98 ±
0.05(experiment) ± 0.02(theory), lower limit of |Vtb| > 0.92 at 95% CL 11.
Evidence for tW production process was reported by ATLAS experiment with full data set
at 8 TeV and the measured production cross section is σtW = 27.2 ± 2.8(stat.) ± 5.4(syst.) pb
with a significance of 4.2 σ (4.0σ expected). The W -t-b vertex is determined to be |Vtb| = 1.10
± 0.12(experiment) ± 0.03(theory), lower limit of |Vtb| > 0.72 at 95% CL. CMS collaboration
presented the first observation of the tW single top production process, assuming mt = 172.5
GeV the measured production cross section is σtW = 23.4 ± 5.4 pb in agreement with the SM of
22.2 ± 0.6 ± 1.4 pb corresponding to a significance of 6.1 σ (5.4σ expected), The CKM matrix
element is obtained to be |Vtb| = 1.03 ± 0.12(experiment) ± 0.04(theory) and to be set lower
limit of |Vtb| > 95% CL 12.
(a) (b) (c)
Figure 3 – Results of s-channel, tW production and t-channel production for (a) t-channel at ATLAS, (b) tW
production at CMS, (c) s-channel at CMS
ATLAS have searched the single top production in s-channel and set upper limit of σs < 26.5
pb at 95% CL in agreement with the SM of σs < 20.5 pb. CMS have measured the s-channel
production cross section to be σs = 6.2
+8.0
−5.1 with a significance of 0.7σ (0.9σ expected) and set
upper limit of σs < 11.5 pb at 95% CL.
5 Conclusion
The most latest single top results at the Tevatron and LHC ere present. All single top production
processes were observed from the Tevatron and LHC experiments by observing the s-channel
single top production by CDF + D0 experiments, and the tW associated production by CMS
experiment as shown in Table 2. The all measurements are agreed well with the SM prediction.
More precise measurements for top quark properties will be performed with the single top events
at LHC.
Table 2: Summary of single top quark production cross section at the Tevatron and the LHC
σ [pb] t-channel tW production s-channel
Tevatron (1.96 TeV)
CDF 1.49 +0.47−0.42 pb - 1.36
+0.37
−0.32 pb
D0 3.07 +0.53−0.49 pb - 1.10
+0.33
−0.31 pb
LHC (8 TeV)
CMS 83.6± 7.7 pb 23.4± 5.4 pb < 11.5 pb
ATLAS 82.6± 11.9 pb 27.2± 6.1 pb < 26.5 pb
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